. Four-pulse double electron-electron resonance sequence used solution were added to form the di-Mn 2+ complex. Figure S1 . The four-pulse double electron-electron resonance (DEER) sequence used in the present work. Measurements were carried out on a home-built pulse EPR spectrometer. 2 A rectangular detection gate (duration ~90 ns) was placed on the refocused echo generated by the 2 nd observe π pulse at time 2T. Parameters used: ν 1 = 94.975 GHz, ν 2 = 94.9 GHz, τ = 200 ns, T = 5.8 µs, 1 ms recovery delay between scans, probe (observe) π/2 pulse = 30 ns, probe (observe) π pulse = 60 ns, pump π pulse = 15 ns. The DEER traces were generated by systematically incrementing the delay t from -140 ns to 5.14 µs in increments of 20 ns. The time t=0 (zero time), marked with an arrow, is the time where the first observer echo with intensity V 0 is generated. Sample preparation involved loading of about 2-3 µL of protein solution into a quartz capillary (0.6 mm I.D.) ν 1 , observe ν 2 , probe S3 followed by rapid freezing and cooling to 10 K by insertion into a pre-cooled cryostat attached to the EPR magnet. Figure S2 . Calculated Boltzmann population difference of the central transition (|-1/2> |1/2>) relative to the total population for Mn 2+ and Gd 3+ at 95 GHz as a function of temperature. Figure S3 . W-band two-pulse echo decays (a) and saturation recovery curves (b) at 10 K. The pulse lengths used were t π/2 = 30 ns and t π = 60 ns, with a saturation pulse of 5 ms, applied at the magnetic field positions indicated in Figure 1 of the main text. 
